Planktonic cultures of Mycobacterium tuberculosis, the bacterium responsible for the lung disease tuberculosis (TB), are highly susceptible to killing by ascorbic acid (vitamin C). As planktonically grown M. tuberculosis are unlikely to be representative of the bacterium during infection, we set out to determine if ascorbic acid was also antibacterial against M. tuberculosis growing as a biofilm. We use biofilm growth as a model for the multiple phenotypic states M. tuberculosis can exist in during an infection. In our experiments we employed bioluminescent M. tuberculosis H37Rv (BSGTB1) in which light production is a non-destructive surrogate measure of bacterial viability. Light levels were monitored before and after treatment with 1mM to 256mM ascorbic acid. After 3 weeks of treatment, biofilms were disrupted, washed and inoculated into fresh media to look for sterilisation. In our experiments we employed bioluminescent M. tuberculosis H37Rv (BSGTB1) in 20 which light production is a non-destructive surrogate measure of bacterial viability.
Materials and Methods

61
Strains and growth conditions 62
The integrating plasmid pMV306hspLuxABG13CDE 8 was used to transform M.
63
tuberculosis H37Rv to create a stable bioluminescent strain (BSGTB1) as previously 64 described. 9 This strain was used to grow biofilms in sterile, black 96 well plates (Nunc) 65 using a previously described method. 10 The optical density (OD) at 600nm was measured and the culture adjusted to give an 69 OD600nm of 1.0. This culture was then diluted 1:100 in modified Sauton's media (0.5g
Ammonium Citrate, 60mL L -1 glycerol, 0.1% ZnSO4, pH to 7.0 [chemicals were supplied 72 by Sigma-Aldrich]) and 100µL of culture was added to each inner well of a 96 well plate. shaking and light levels were measured at 7 day intervals.
88
To determine if the addition of ascorbic acid had sterilised the biofilms, after 3 weeks 89 incubation the biofilms were re-suspended and washed 3 times in Sauton's media PrePrints 5 before they were re-suspended in fresh 7H9 broth (5ml) supplemented as described 91 above. We monitored the broths for growth for a further 8 weeks.
93
Results
94
We investigated the impact of ascorbic acid on the viability of a bioluminescent strain of (Fig. 1) . The reduction took place within the first 98 week of treatment and light levels remained consistently low from this point onwards.
99
We observed no reduction in light when the acidified control media was added in place 100 of ascorbic acid, indicating that any effect was unrelated to changes in pH. Below the 101 critical concentration of 32mM ascorbic acid, light production from the treated biofilms 102 slightly increased compared to the untreated control (Fig. 1) .
103
To determine whether viable bacteria remained within the biofilms after ascorbic acid 104 treatment, we washed the treated BSGTB1 biofilms, re-inoculated them into fresh media 105 and monitored for growth and light production over a further 8 weeks. We observed no 106 growth or light production for ascorbic acid concentrations of 32mM and above (Fig. 2) .
107
In contrast, we did observe growth and light production in those treated with 108 concentrations below 32mM and the non-treated controls. concentrations required to control bacteria within biofilms to be 100 to 1000 fold 116 greater than those needed to treat planktonic forms. 6 In contrast, we observed that M. PrePrints
